A 34-yr-old man with hepatic haemangiomatosis presented for orthotopic liver transplantation. His massively distended abdomen caused thoracic compression and severe restrictive lung disease. Respiratory failure was the principal indication for transplantation. Increased airway pressures, pulmonary hypertension, systemic hypotension caused by aorto-caval compression, and blood loss, complicated the intra-operative anaesthetic management. Weaning from mechanical ventilation was impaired by acute and chronic metabolic alkalosis, and diaphragmatic laxity.
Cavernous haemangiomas are the most common benign tumour of the liver and may occur in association with systemic haemangiomatosis. 1 2 Giant haemangiomas (>4 cm in diameter) are rare, but may cause abdominal discomfort and coagulopathy (Kasabach-Merritt syndrome 3 ) or can rupture. 4 Orthotopic liver transplantation for haemangiomatosis is unusual, and less than 15 patients have been described. 4±14 We report a patient with massive hepatic haemangiomatosis causing restrictive lung disease who had a liver transplant. To our knowledge, this is the ®rst transplant primarily for the treatment of restrictive lung disease.
Report of patient
A 34-yr-old man presented for liver transplantation because of massive liver haemangiomatosis that affected his respiratory function. He had presented elsewhere 16 yr before with abdominal pain, and laparotomy and biopsy revealed multiple cavernous haemangiomas in the liver. He also had evidence of a systemic haemangiomatosis syndrome, with haemangiomas in the mandible, eye socket, and hands. Attempted hepatic resection via a thoracoabdominal approach was abandoned because of excess bleeding. He underwent hepatic artery embolization and cholecystectomy. Two years later, repeat hepatic artery embolization was carried out in an attempt to limit the growth of the tumour but this was unsuccessful and he was referred to our institution. Further surgical intervention was not felt to be possible. He was treated with alpha-interferon, which has been reported to be of use in infantile hepatic haemangioendotheliomatosis, 15 but without success and the disease progressed.
Over the years, as his liver tumour grew, the patient's condition gradually worsened. Two months before transplantation, he became weak and lethargic, with dyspnoea on minimal exertion, persistent abdominal discomfort, and peripheral oedema. His abdomen was massively distended, and he had to remain upright at all times because of shortness of breath. Examination showed jugular venous distention and markedly diminished lung air-entry.
The chest radiograph (Fig. 1A) showed bilateral raised hemidiaphragms with small lung ®elds. Computerized axial tomography (CT) ( Fig. 2A) of the thorax showed a compressed pulmonary vascular bed, especially in the lung bases, and abdominal CT (Fig. 2B) , base excess +21. The patient was brought to the operating room, standard monitors applied and a left radial arterial catheter placed. While in the sitting position, the patient was sedated with midazolam 1 mg and scopolamine 0.8 mg i.v. and the abdomen was prepared for surgery. Oropharyngeal and transtracheal local anaesthesia was administered and endotracheal intubation was carried out with ®breoptic guidance with the patient in a semi-sitting position. General anaesthesia was induced with sevo¯urane in oxygen. Despite being lowered slowly into the supine position, systolic blood pressure decreased from 130 to 70 mm Hg, but responded to i.v.¯uid and 20 mg adrenaline. Large-bore i.v. cannulae were placed and an oximetric pulmonary artery catheter inserted. Initial pulmonary artery systolic and diastolic pressures were 44 and 28 mm Hg, respectively. Anaesthesia was maintained using a combination of iso¯urane in air/oxygen with fentanyl (approximately 20 mg kg ±1 delivered in divided doses). Pancuronium was used for muscle relaxation.
The surgical dissection was complicated by adhesions from the previous cholecystectomy. The liver was densely adherent to the abdominal wall in the areas near the previous incisions. Near the site of the previous thoracoabdominal incision, the distal portions of the ribs were embedded within the hepatic parenchyma and haemangioma. The abdominal wall was excised bilaterally in a wedge-shaped fashion between the umbilical area and the¯ank. While removing the liver from its attachment to the abdominal wall, signi®cant bleeding was encountered, and thus the portal vein was ligated, starting the anhepatic phase. (The hepatic artery had been ligated earlier in an effort to decrease potential arterial bleeding.) The liver was removed, leading to improvement in ventilation (tidal volume 300 ml and rate 16 min ±1 with peak inspiratory pressures of 30 cm H 2 O, to tidal volumes of 500 ml without an increase in pressures). Pulmonary artery pressures decreased to 29/15 mm Hg. After removal of the liver, there was redundancy of the previously stretched diaphragm. The anhepatic phase lasted 142 min and reperfusion was tolerated without signi®cant incident. Total transfusion requirements during surgery were to 40 units banked red blood cells, 79 units`Cell Saver' (Hemonetics, Braintree, MA, USA), 50 units of fresh frozen plasma, 30 units of platelets, and 60 units of cryoprecipitate. A rapid transfusion device (Hemonetics) was used to give¯uids and blood products. The resected liver weighed 19 kg and measured 63Q45Q51 cm. Large parts of redundant abdominal wall skin, subcutaneous tissue and muscle were resected before abdominal closure. The bulk of the tumour was con®rmed histologically to be cavernous haemangioma.
The patient was transferred to the intensive care unit (ICU). Continued intra-abdominal bleeding caused haemodynamic instability. Haemostasis was secured after repeat laparotomy, with subsequent haemodynamic stability.
On the second post-operative day the patient was alert and co-operative and a trial of weaning from intermittent mandatory ventilation was attempted. While on continuous positive airway pressure (CPAP) of 5 cm H 2 O and pressure support of 10 cm H 2 O, his CO 2 increased to greater than 13 kPa. Bedside pulmonary mechanics were obtained and these showed maximal inspiratory and expiratory pressures of ±18 and +2 cm H 2 O, respectively. Over 8 days in the ICU, the patients' maximal inspiratory and expiratory pressures improved to ±20 and +40 cm H 2 O, respectively. His spontaneous vital capacity improved from 500 to 1450 ml during the same period of time. Pulmonary function tests 1 month after surgery, showed marked improvement in his restrictive lung pattern (Table 1) with FEV 1 increased to 1.93 litre (45% predicted). Subsequently, lung function and overall quality of life have continued to improve. One year later, his chest x-ray ( Fig. 1) showed improvement in lung volumes and a rounded contour to the diaphragm. Arterial blood gases (room air) showed a PO 2 of 12.1 kPa, PCO 2 6.1 kPa, HCO 3 ± 28 kPa and pH 7.4. His transplanted liver continues to function satisfactorily.
Discussion
Haemangiomas are the only common vascular tumour of the liver and are the most common benign liver tumour. The incidence is reported as being between 0.4 and 20% in autopsy series. 1 Most haemangiomas remain small and asymptomatic and are identi®ed at post-mortem or incidentally as a result of investigation for other conditions. Haemangiomas are mostly solitary, but 10% have multiple locations and may occur as part of a systemic haemangiomatosis syndrome. Those with a diameter of greater than 4 cm are de®ned as giant haemangiomas.
Giant haemangiomas may be managed expectantly especially if surgical resection is thought to be technically dif®cult or if the patient has minimal or no symptoms. 12 16 When patients become symptomatic the options for therapy include hepatic artery embolization 17 and surgical resection. There have also been reports of the use of corticosteroids and radiotherapy in the management of the lesions. 18 Orthotopic liver transplantation (OLT) has been used for giant liver haemangiomas, the principal indications being Liver transplantation for hepatic haemangiomatosis pain, functional debility, and risk of rupture. There are less than 15 such patients reported in the literature. In our patient, the principal reason for transplantation was the severe restrictive lung disease. The anaesthetic management of OLT is challenging and in this patient the dif®culties were compounded by several unusual features. First, despite the fact that his airway looked favourable, there was concern that, haemodynamically, because of aortocaval compression, the patient would not tolerate a rapid sequence induction. In addition, the patient could not lie¯at because of dyspnoea. Awake ®breoptic endotracheal intubation was performed, and inhalation induction of anaesthesia using sevo¯urane followed. In spite of a slow change to the supine position the patient did become hypotensive, but this was responsive to¯uid and vasopressor administration. Left lateral tilt could also have been used to decrease aorto-caval compression, in a fashion analogous to the use of left uterine displacement in pregnancy.
Second, his pulmonary hypertension (PA systolic pressure 56 mm Hg on pre-operative testing) was a concern. It was felt that, in the current patient, this was almost entirely because of mechanical factors caused by his massive liver lesion and would be reversible post-transplant. Pulmonary artery pressures did decrease (mean pulmonary artery pressure 33±20 mm Hg) after the patient's liver was removed.
Finally, for a number of reasons, the patient was likely to breathe poorly after surgery. His already elevated bicarbonate concentration (49 mEq litre ±1 , ref. 22±28) and the massive blood transfusion requirements containing citrate, caused severe metabolic alkalosis and central hypoventilation. The stretching of the diaphragm by the large liver conferred some mechanical advantage pre-operatively but once the liver was removed the diaphragm became lax. 19 In addition, his malnourished state (a result of pre-operative early satiety from gastric compression and consequent decreased caloric intake) and compressed lungs from tumour mass impaired respiratory function. Each of these factors could prolong mechanical ventilation, but extubation of the trachea was possible 1 week after the transplantation.
In summary, we present a patient with massive hepatic haemangiomatosis, which caused a restrictive-type of respiratory failure. Transplantation was successful in spite of concerns of elevated airway pressures, pulmonary hypertension, severe metabolic alkalosis, inherent surgical dif®culties and possible aorto-caval compression. Transplantation improved the patient's respiratory status and overall quality of life.
